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D scription 

FIELD OF THE INVENTION 



* [0001] This invention relates to a conversion coating for metal surfaces and a process and a solution for formino a 
conversion coat.ng on metal surfaces. The invention is particularly concerned witfa conversion colt « a^Sil 
or a,um,n,um a.,oy and a process and a solution for the formation of a conversion coating on aluSSSS TuTnZ 

10 BACKGROUND OF THE INVENTION 

[0OP2] The term -conversion coating Lis ^el l kn o w n tem^he-aft-aod^efer^to-tha repta cement ot native oxide 

cllr r 08 8 meta ' ^ COntr0 " ed ChemiCa ' forma,ion oi a fi,m ° xides <» Phosphates areTomn^n co 3on 
coating.. Conversion coat,ngs are used on metals such as aluminium, steel, zinc cadmium or magnet u^and The.r 

So off ? r! r 8 , key f ° r Paim adheSi ° n and/ ° r COrrosion P rotection of the sub ^te metal. 2£n^ ^,15, 
induZs PP ° n SUCh arSaS 38 aer ° SPaCe ' aU,0m ° tiVe ' arch »-tural. can stock. hSS^aSSSEg 

£2? , K , nOWn meth0dS f ° r aPP ' yin9 conversion coatin 9s <° "^tal surfaces include treatment with chromate or phos- 
phate solut.ons. or mrxtures thereof. However, in recent years it has been recognised that the hexav^Tchromium 
nn. Cr^. , s a serious environmental and heal th hazard. S imilarly, phos phate ions are a Zo7s r^Tpartlcu^ Ten 
-they^nd th e ,r way into natural waterways and cause alga fb^^ 

^IZT" ° f th6Se TtL 6S US6d " 3 nUmb6r " indUStria ' P— -d L^i^"^^ 
release to the environment. This leads to costly effluent processing 

[0004] in the search for alternative, less toxic conversion coatings, research has been conducted on conversion 
m S f T rare earth COm P° unds Howev ^- there is considerable room for in^^^JS^^Z^i 

fo^fkamot^hf f , 7 ^ diSC '° SeS a ° aqUe ° US v™****™ comprising cerium nitrate, chloride or sulfate. According 
aJTJZ w ^ Al coupons were cleaned, rinsed, deoxidized at 30-35°C for 20 minutes in a mixture of 10% SS 
acid and 3»/ 0 sod.um bromate, rinsed in deionized water, placed in deionized water at 97-100'C Tfor 5 mLutes and 

5 minutT T:° f ° ? C6riUm Ch, ° ride - 1% ,ithium nitra,e and 1% nitrate at , ph To S T"£-cT 

5 minutes; optionally a potassium silicate sealant is applied. 

SUMMARY OF THE INVENTION 

(a) contacting the metal surface with a deoxidising solution in order to remove smut from the metal surface 

2nS 2 2 i.f ( ^^) 2 Ce(N0 3 ) 6 and having a pH of less than 1 . in order to initiate growth of a metal oxide eel 
idLing i^iont ^ ^ M ™ Xa ™° Solution ^ a 'option ^erenfto !*e deox 

(c) contacting the metal surface with water having a temperature between 70»C and boiling point for a oeriod of 
.me suff.cient to thicken the oxide structure and form a meta. oxide-containing layer o^l^ mc^ess^ 

(d) contactmg he metal surface with an aqueous, rare earth element-containing solution * 

and substantially seal the metal oxide-containing layer. impregnate 

SS? Ho"weJrr t ^.^l n HH W ^ deSCr , ibed ^ PartiCU ' ar re,er8nCe l ° itS USe ,or aluminium or aluminum^ontaining 

!n™L de ^ reaSin9 S,ep> if used ' ^^Prises treatment of the metal surface with any suitable degreasinq solution 
ooioi ™r y H° S ° r 9feaSe (SUCh 35 ,an ° ,in } ° r P ' astic coa,in 9 pr sent on the ™*a. surface degreaS,n9 S ° ,U,, ° n 

agentsuc^as ^^tXhToroethan. 'or ^ ^V™* thS me,a ' SUrface with a va P°" d «9— ""0 

nfi«in« ,r,ch ' oroethane or an aqueous degreasing solution available under the trade name of BRULIN A de 
greasing step may be necessary, for example, where the metal has been previously coated with^anolin! lo, dn£ oil 
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or arease or with a plastic coating. . .... . 

f 001 1 1 Subsequent to the decreasing step, the metal surface preferably undergoes a cleaning step in order to dissolve 
contaminants and impurities, such as oxides, from the surface of the metal. Preferably, the cleaning step comprises 

treatment with an alkaline based solution. ...... . , „ u - t 

5 ro012] -The alkaline solutionis preferably a-"non-etch"-solutionrthatis.-one-for whichtherate of etch.ng ofmatertal 

from the metal surface is low. A suitable alkaline cleaning solution is that commercially available under the trade name 

[0013] LIN Th 5 e 3 treatment with an alkaline cleaning solution is preferably conducted at an elevated temperature, such as 
ud to 80°C, preferably up to 70°C. . . 

io r0014] Treatment with an alkaline solution often leaves a "smuf on the surface of the metal. As used here.n, smut 
is intended to include impurities, oxides and any loosely-bound intermetallic particles which as a result of the alkahne 
treatment are no longer incorporated into the matrix of the aluminium alloy. It is therefore preferable to treat the meta 
surface with a "desmutting" or "deoxidizing" solution in order to remove the smut from the metal surface. (Throughout 
this specification, the terms "desmutting" and "deoxidizing" are used interchangeably). Removal of smut is normally 

is effected by treatment with a desmutting (deoxidizing) solution comprising an acidic solution having effective amounts 
of appropriate additives. Preferably the desmutting solution also dissolves native oxide from the surface of the metal 
to leave a homogeneously thin oxide on the metalsurface. Thedesmutting solution may be chromate-based, which 

du^t^hen^resehceof'Cr 6 * iohs.^reserits environmental andhealth risks. 

r0015l Alternatively the desmutting solution may be one which contains rare earth elements such as the desmutting 

so solution disclosed in co-pending PCT Patent Application No. WO 95/08008. Treatment with rare earth contammg des- 
mutting solutions lessens the risk to the environment and health and results in improvement in coating time and cor- 
rosion performance of subsequently applied conversion coatings. The rare earth element of the desmutting solution 
preferably should possess more than one higher valence state. By "higher valence state" is meant a valence state 
above zero valency. Without wishing to be limited to one particular mechanism of smut removal, it is believed that the 

25 multiple valence states of the rare earth element imparts a redox function enabling the rare earth element to oxd.se 
surface impurities and result in their removal as ions into solution. Such rare earth elements include cerium, praseo- 
dymium neodymium, samarium, europium, terbium and ytterbium. The preferred rare earth elementsare cenum and/ 
or praseodymium anci/or a mixture of rare earth elements. Preferably, the rare earth compound is cenu,,, V r » , , »yww«». 
cerium (IV) sulphate, or ammonium cerium (IV) sulphate. The mineral acid is preferably a mixture of sulphuric acid-and 

30 nitric acid with F- ions. 

r0016] The pH of the rare earth containing desmutting solution is preferably less than 1 . 

[001 7] In another embodiment of the present invention, there is provided a process for forming a conversion coating 
on the surface of a metal including the steps of: 

35 (a) contacting the metal with an acidic solution containing an oxidant in order to initiate growth of a metal oxide 

cell structure on the metal surface; . 

(b) contacting the metal with water for a period of time sufficient to thicken the oxide and form an oxide conta.n.ng 

layer of a desired thickness; ... . • „,„ o„h 

(c) contacting the metal with an aqueous, rare earth element containing solution in order to impregnate and sub- 

40 stantially seal the oxide containing layer. 

r0018] While the rare earth impregnated aluminium oxide layer formed by the process of the invention has good 
corrosion properties and provides a good base for any subsequently applied coatings, such as paint, rt is preferred 
that the process of the invention includes a further step comprising treatment wrth a sealing solution. The rar earth 

45 impregnated coating may be sealed by treatment with one of a variety of aqueous or non-aqueous morganic orgamc 
or mixed organic/inorganic sealing solutions. The sealing solution initially penetrates the semi-porous structure then 
subsequently forms a surface layer on the rare earth containing coating and may further enhance the corrosion resist- 
ance of the rare earth containing coating. Preferably the coating is sealed by an alkali metal silicate solution, such as 
a potassium silicate solution. Examples of potassium silicate solutions which may be used are those commercially 

so available under the trade names "PQ Kasil #2236" and "PQ Kasil #1 ". Alternatively, the alkali metal seahng solut.on 
may be sodium based, such as a sodium silicate or a sodium orthophosphate, or a mixture thereof. 
[001 9] Preferably, each step of the process of the present invention is followed by a water rinsing step. 



55 



DESCRIPTION OF DRAWINGS 

[0020] The invention will become more readily apparent from the following exemplary description in connection with 
the accompanying drawings and Examples. 

[0021] FIG. 1 is a photomicrograph of the rare earth impregnated aluminium oxide coating at the completion of step 
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6 of Example 3. 

«££ 6 cl Example a" 6 ' Ph ° ,0miCr ° graph °' the rare earth impregnated a.uminium oxide coating a, the comp.etion 
* Stio^' of ste S p a 7 n Ph0, ° e,eC,r0n st>°«™°f>y depth profi.e of the silicate-sealed coating of Examp.e 3, at the 
[0024] FIGS. 4 & 5 are photomicrographs of the silicate-sealed coating of Example 3 at the completion of step 7. 
DETAILED DESCRIPTION OF THF P REFERRFD FMBODIMENTS 

10 [0025] The process of the present invention includes the step of initiation of growth on the surface of the aluminium 
°Ifi U f T~ , :°Zl! n _ a,UminiUm ° Xide ' — -ium oxide. The term ^rn^^ 



IS 



20 



[0027] Ox.de growth is initiated by immersing the metal in an acidic solution containTg ^aTeffective auantrtv of an 
Z2T», ^ f U,i °" may be Se,ected ,rom <™ ^ more of nitric acid, phosphoric ^cid anTsu £u*2d Pref 
rrS™ ! TL* h the nitri ° aCid Pref erab,y has a ^entraL of up to 1 .6M 

D ^L?"J ab,e ° XldantS inC,Ude (meta,) P erch 'o^es. (metal) bromates, (metal) persulphates, nitrates hydroaen 
perox.de and ammonium cenum (IV) nitrate. Preferably, the oxidant is NaBrO, hydrogen 

S« f u^^ 



!Sf ?l Si ' pre,erred acidic oxidant-containing solution contains nitric acid and NaBrO, 
25 1 . V y rthout ^ wishin 9 to limit tne invention to a particular mechanism of oxidation, it is believed that part of the role 

r^r'i? a 'haSn ? s ° ntainin ? SO " ,0 ^ ^ and remOVS in,ermeta,,ic particles '-mlhi meteTsurfrce 
S, " 3 hal ° 9en 18 pr6Sent ,n the OX,dant < such as "» ^Br0 3 ) it may assist in remova. of the oxide on the metal 

JIT OXidant bS PrSSent in SO,Ution up to its solubi,it y limit - However . most applications the oxidant is 
* P ^ at ^ is 10wt % ,The lower.imit P Soxidan'conc^tlon 

EJUS. ISf °L Xhe a , CidiC ' oxidant ^° nta inin9 solution will vary according to the nature of the oxidant and the other 
spec.es added to the so.ut.on. The P H of the acidic so.ution is less than 1 .0. In a preferred embodimentTcZtes 

[0035] A pH of less than 0.5 is preferred when the solution contains the oxidant NaBrO, and HNO The low nH 
[0036] It is thought that a low pH may be required in order to dissolve oxide formed by the oxidant and therebv set 

z:~ s z^zz y on * a thin oxide iayer is ,ormed - However - the — — ^ - "SS.^sss: 

40 S S G ] ernpe l a{U t re 01 the acidic - oxidant^ontaining solution may be any value up to the boiling point of the 
SSL . ° n SO,Uti ° n ,empera,ure ma V be amb ient temperature, such as from ICC to »-c In some 

1 mVent ' 0n ' tempera,ure of ,he acidic ^ution is 20-C. Other embodiments oHhepTocessTre 
or hther antT^"^*' ^ ^ 38 UP l ° 5 °° C - Amatively, the so.ution temperat re m^e 25» C 
or higher, and in some embodiments may be as hiah as 40°C =»u.«, m ay oe^o ^ 

45 ™!S ofl^ metal SUrf !° e iS tr8ated Witn thS aCidiC " oxidan^ontaining solution for a period of time sufficient to initiate 

Si TT ^ ° n thS mS,al SUrf3Ce ,0,he deSired de 9 ree " Treat ™nt t^e may be up toone hour Howevlr 
advantageously. ,t » 30 minutes or less, such as up to 20 minutes. In some embodiments treatment th 'acidb 

ur ;r:p toT™ r up to 15 minutes arid may be 10 minu,es ° r iess ,n prefe - d ™" sss 

50 one P^eferred^ embodiment, the acidic, oxidant containing solution comprises a 3% (0 2 molart m«t»i 

S^?Sn^SSS^ H e,0n '. ? OW6Ver " ^ advanta 9 eous| y ™'" d * Particular additives. Preferably, 
loosely affect oxide SlnT " f " T.° ° 5 Pf>m ' ° f * S ' beC3USe high Si conten < has ^und to 
to 7. since the d,ssolut.on rate of the oxide layer ,s minimal in this range. It is also preferred that the water has low 
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halide concentrations or is halide free. Similarly, low.or zero sulphate concentration is preferred. A surfactant may be 
included in the water, in an effective amount, in order to lower the surface tension of the solution. By lowering surface 
tension of the solution in the pores of the aluminium oxide layer as it is forming, the amount of cracking of the layer 
may beminfmised^ 

s in that by reducing surface tension of the coating solution, it thereby minimises "drag-out" from the solution. "Drag-out" 
is an excess portion of coating solution which adheres to the metal and is removed from solution with the metal and 
subsequently lost Accordingly, there is less waste and costs are minimised by adding surfactant to the coating solution. 
[0041] The surfactant may be present in solution at a concentration up to 0.02weight%. such as up to 0.01 5weight%. 
Preferably the concentration is around 0.01weight% or lower. The lower limit on surfactant concentration may be 

10 around 0.001 weight%. However, in some embodiments, the lower concentration limit is 0.005weight% whilst in others 
it is higher, such as 0.0075weight%. . 
[0042] An example of a suitable surfactant is that available under the trade name.FLUORAD "FC-1 35 , which is a 
cationic fluorochemical surfactant. A water treatment solution containing FC-1 35 has a pH of around 5.5. 
[0043] Other substances which may advantageously be added to the water used for oxide thickening include nitrate 

is compounds such as potassium nitrate (KN0 3 ). cerium (III) sulphate octahydrate (Ce 2 (S0 4 ) 3 .8H 2 O). solutions of am- 
_ ^monia and its salts, such as NH 4 OAC^4N03^(NH 4 ) 2 C0 3 , NH4OH and sodium carbonate Na 2 C0 3 . 

[0044] The temperature of the water used for oxide thickening may be up to the boiling point of the treatment solution 
that is 100»C for pure water), such as up to 95«C. Preferably, the temperature of treatment is up to 90 9 C. The lower 
limit of water temperature is 70°C. In some embodiments of the invention, the temperature of the water treatment step 

20 is between 85 and 90°C. While the temperature of the water treatment solution may be less than 85°C, aluminium 
oxide growth is slower, and is even slower below 70°C. 

[0045] The metal surface may be treated with the water for up to 60 minutes, such as up to 35 minutes. In some 
embodiments, the maximum treatment time is 20 minutes. The minimum treatment time may be as low as 2 1/2 minutes. 
However, in some embodiments, the treatment time is greater than three minutes. Alternatively, the treatment time 

25 may be 5 minutes or more. 

[0046] The present invention also includes the step of contacting the metal with rare earth elements in order to 
impregnate and substantially seal the oxide containing layer. The rare earth eiemeni is generally provided in the for... 
of ions in an aqueous solution. The rare earth ion may possess more than one higher valence state. By "higher valence 
state' is meant a valence state above zero. If the rare earth ion does possess more than one higher valence state; the 

30 rarfreaftMems added^tJae^oUiliQajo ajQwer valence state, Such rare earth elements include cerium, praseodymium, 
neodymium, samarium, europium, terbium, thulium, lutetium and ytterbium. Preferably, the rare earth element is cerium 
and/or praseodymium and/or a mixture of rare earth elements. 

rcC47 i Th« evo ,M morhaniicsm of seal in □ the oxide laver bv treatment with rare earth elements is not known. However, 
while not 'intending to be limited to a particular mechanism of sealing, it is thought that the rare earth cation acts as a 
35 substitutional cationfor AP+ in the aluminium oxide layer. Thus, when the rare earth element is cerium, it is preferably 
added as Ce^ which, it is believed, may substitute for Al 3 * in the oxide layer. 

[0048] A rare earth solution may be made by dissolving a rare earth salt in water. Examples of suitable rare earth 
salts include Ce(N0 3 ) 3 .6H 2 0, Ce 2 (S0 4 ) 3 .8H 2 0 and Pr(N0 3 ) 3 .6H 2 0. Preferably, the rare earth salt is cerium (III) nitrate 
hexahydrate (Ce(N0 3 ) 3 .6H 2 0). 

40 [0049] A rare earth containing solution may contain up to 100 grams per litre (0.23 molar) of dissolved rare earth 
salt (expressed as equivalent grams of Ce(N0 3 ) 3 -6H 2 0 per litre of solution) such as up to 50 grams per it re (A 12 
molar) In some embodiments, the maximum concentration of rare earth salt is 40 grams/litre (0.092 molar). In other 
embodiments, the maximum concentration is 20 grams/litre (approximately 0.05 molar). Alternatively, the maximum 
concentration of rare earth saft may be 10 grams/litre (0.023 molar). The minimum amount of rare earth salt per litre 

45 of solution may be 0. 1 grams (2.3x1 0* molar). However in some embodiments, the concentration is 0.5 g/l and above, 
such as above 1.0 g/l. In yet further embodiments, the minimum concentration is 5.0 grams/litre. These values of 
molarity of dissolved rare earth salt correspond to the molarities of the rare earth cation. 

[0050] A rare earth containing solution may further include other additives. One such additive is excess nitrate ions, 
which may enhance oxidation of aluminium at the interface of the metal and the aluminium oxide phases. The excess 

so nitrate ion may be added in various forms, including KN0 3 , LiN0 3 or NH 4 N0 3 or as combinations of these. The con- 
centration of excess nitrate ion may be as high as the saturation limit of the corresponding nitrate salt. However lower 
concentrations of nitrate are also effective, such as up to 2.0M. A suitable concentration may be up to 1 .0M. 
[0051] Fluoride ions may also be added to the rar earth containing solution. They may be added as MgF 2 or NaP. 
If present the F- ions may be present at a concentration of up to 0.01 M, such as up to 0.005M. Preferably, the fluoride 

ss ions are present up to 0.001 M. While the exact role of the F" ion is unknown, it is thought that P attacks aluminium in 
the aluminium oxide layer to form a soluble Ar»* complex. The Al in the oxide layer may then be replaced with the rare 
earth elements from the solution. The rare earth element may then be present in the oxide layer as an oxide or a 
fluoride or mixture thereof. 
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[0052] The temperature of treatment with the rare earth containing solution of the process may be as high as the 
KSSSS? Sow Z SUCH 35 UP ,0 k 9 5 C ' Pre,erab,y ' ^ maXimUm * *™- The^ower tempest re 

[0053] The rare earth containing solution preferably is acidic to neutral. It may have a P H up to 7, such as less than ' 

! " t ^TI TTT^f PrOC6SS ' PH ° f ,hS SO,Uti ° n iS ,6SS tha " 5 - The P H ma V aLntageousfy be a*ove 
?' < £ atoVe - Accordin 9'y. *>r those embodiments of the invention, the preferred pH range is from 4 to 5 

mtz rXntr ,he pH of the so,ution is 2 and above - •»* « th-^r 

that tte oH oHh» ^ t 3)3 h 2 " S rare 6arth "* USSd in the rare earth Con,ainin 9 solution - * ^s been observed 
««L« 6 SO ' Ut, ° n decreases sli 9h«y with increasing concentration of Ce(NO,) 3 6H,0 

S.o^^iZ^.I! 1 ^ ^ 6 ^^ the rare * arth containing solution f ° fa « «™ ^ien, 

[0056] Where the steps of water treatment and rare earth element treatment occur sequentially, the majority of the 

HHr 685 , 2 J* CO ' Um ( nar a ' UminiUm ° Xide ,ayer is produced durin 9 the water t«tmeot step. HoweveVS mat be 
additional th.ckenmg of this layer during the step of treatment with rare earth elements * 

[0057] At the completion of the process of the invention, the impregnated oxide coating on the metal surface oref- 
erabjyhasa^^ 

f^^^ST**" thiS t COatin9 3 thiCkn8SS ° f W™™^ ^ and has a columnar slnllre 
[0058] The sealing step, if present, may comprise treatment of the rare earth impregnated coating with an aqueous 
or non-aqueous inorganic, organic or mixed inorganic/organic sealing solution. A preferred sealing Sonl an tnor 

he sealing solution compnees a silicate solution, such as an alkali metal silicate solution moment. 

tS? 93 i n r ad ^'° n t0 the f sealin 9 so,ution ,ormin 9 a surface layer on the rare earth impregnated oxide layer it pene- 
trates and fills the pores of the crazed oxide structure. P 

[0060] An X-ray photoelectron spectroscopy depth profile of the sealed, rare earth impregnated oxide coatina of 
30 wSTe^nd tT1 ' n t ' 9Ur !,! emb0diment ' atter seali "9 with a silicate solution, L fhicknesTof th^Sng 

aZZlTnn T T c 6 COat ' n9 h3d a ' tered ,r ° m 3 Cra2Sd OXide Structure to a smo °th surfaced coating «2 
a thickness of less than 1um. Figures 4 and 5 illustrate these features. Furthermore, the sealed coating has a layered 
structure compns.ng a homogeneous, smooth outer layer disposed on the columnar structure c^ZTonaZ ^u- 
min.um ox.de. The depth profile for this embodiment shown in Figure 3 suggests that the outer IsyeTZomXe* To- 
ss tXZTV S " ,Ca,e t phase and the inner - c °'™ layer, comprises predominantly an aluminosilicate phaT ? 
5!!?r , | co " ce " tra,lon of tne alk *« metal silicate may be below 20%, such as below 15%. A preferred upper limit 
of alka meta silicate concentration is 3.6% [10%] (approximately 0.012M and 0.04M SoJlhTK^SS^ 

X ~^X^^^^ % ' SUChaS0 ° 1% ^—Mimitof c^en«rat^8% 
[0062] The temperature of the sealing solution may be as high as 1 00-C. such as up to 95'C Preferably the tern- 
40 perature ,s up to 90»C and is more preferably below 85»C. A suitable temperature is up to 70'C The tower Hrntt o the 
temperature is preferably ambient temperature, such as from 1 0°C to 30»C 

[0063] The aluminium oxide coating is treated with the sealing solution for a period of time sufficient to produce the 
desired degree of sealing. A suitable time period may be up to 30 minutes, such as up to 15 minutes Pre e7ably he 
^ treatment lasts for up to 1 0 minutes. The minimum period of time may be 2 minutes. Preferably the 

EXAMPLES 



20 



25 
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[0064] The following Examples illustrate, in detail, embodiments of the invention. In all of the Examples the metal 
substrate used was a pane, of 2024 aluminium alloy having the dimensions 3 inches by 1 inch (7 6 cm by 2 5 cm) w th 

TlZT Um I ° y J S Part ° f 2000 S6rieS a " 0yS ' Which is ° ne of ,he most diff ™» to protect against coSston 
pa^ularly ,n a chloride ion containing environment. Such environments exist, for example, in sea wLr or expiure 
to sea spray and around airport runways and roads, where salt may be applied exposure 
[0065] In the Examples, corrosion resistance is measured by the amount of time it takes for the metal to develoo 
pitting in neutral salt spray (NSS), according to the American standard salt spray tests described i f Am^ricLn Sc2ety 
nthe™ ' a S (AS ™> f tandard B - 117 Tim. to pitting of 20 hours represents a oon^Z^ZZ 
in the corrosion resistance of 2024 alloy and can be considered as an acceptable indicator for some application^ 
other applications, 48 hours in neutral salt spray is normally required, whereas for aerospace Rations 168 hou s 
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is normally required. . , . . . 

[0066] Corrosion resistance is also measured by 'TAFEL" values. The TAFEL experiment is an electrochemical 
_ method of measuring the rale of corrosion of a coated orjincrated metal,The coated metal is pjacedjn a cell containing.. 

0 5M NaCI together with a saturated KC! calomel reference electrode and a platinum counter electrode. The potential 
s of the coated surface is controlled relative to the reference electrode by a potentiostat which also measures the current. 

The corrosion rate is calculated from the intercepts of the linear sections of a plot of potential against log 10 (current) 

(a "Tafel" plot) at the corrosion potential. By measuring Tafel plots over a prolonged period of exposure, an indication 

of the variation of corrosion rate with time may be obtained. The TAFEL data for each Example includes the time in 

hours ("h") after preparation of the coating when i^ was measured. 
w [0067] A disadvantage of some prior conversion coating processes, as previously stated, is the long coating times 

that are required to put down the coating. In some cases, a period of between several hours and several days is 
. required. One advantage of the present process is the relatively short coating times,.such as under one hour in most 

embodiments. . K „ . „ 

[0068] All conversion coatings described in the Examples were found to have good paint adhesion properties when 

is subsequently tested according to ASTM D-2794. The paint adhesion properties were similar to or better than the 
Droperties of alloys. coated-with-chromate conversion^coatings.. Further,. at. leasUhe.preferred embodiments. oUhe. 
conversion coatings passed adhesion tests such as the scribe tests described in ASTM D-3330 and Boeing Specifi- 
cation Support Standard (BSS) 7225. Moreover, the conversion coatings of the invention often out performed chromate 
coatings of the prior art in "Impact Resistance Testing', as described in Boeing Material Specification (BMS) 10-11 R. 

20 r0069] In the following Examples, reference is made to potassium silicate sealing solution PQ Kasil #1 and PQ Kasil 
#2236. PQ Kasil #2236 (SiOj/K-p - 3.49) is slightly more alkaline than PQ Kasil #1 (SiCyK 2 0 = 3.92) and has a lower 
ratio of SiO^KaO. 



2S 



EXAMPLES 1 TO 5 

[0070] A sample of 2024 aluminium alloy was wiped with acetone then conversion coated according to the following 
process: 

Step 1 ' a preliminary degrease in BRULIN for 10 minutes at a temperature of 60 to 70°C. 
so step 2- (Examples 1 and 2 only) alkaline clean in RIDOLINE 53 at 60 to 70°C for 5 minutes. 

Step 3 • deoxidise and desmut the metal surface using the deoxidising solutions and conditions given in Table I. 
Step 4 ' immerse cleaned metal in a 0.2M NaBr0 3 solution in the presence of 1.1 M HN0 3 and having a pH of less 

than 0 5 for 7 minutes at 20° C to initiate growth of aluminium oxide on surface of metal. 
Step 5 immerse in deionised water for 5 minutes at a temperature of 85 to 90°C to form a thickened, porous oxide 
35 layer with a crazed structure. (In Examples 3, 4 and 5, the water includes 0.01 wt% of surfactant FC-1 35). 

Step 6 ■ immerse plate in a cerium solution containing 10g/litre (0.023M) of Ce(N0 3 ) 3 .6H 2 0, and having a pH 
between 4 and 5, for 30 minutes at a temperature of 85 to 90°C in order to impregnate the porous oxide 
layer with Ce ions. 

Step 7- For Examples 1 , 2 and 4, immerse coated sample in a potassium silicate sealing solution comprising PQ 
4 0 Kasil#1 at a concentration of 2.91 wt% (0.19M) and having a pH between 1 0.5 to 11, at 20°C for 2 minutes. 

For Example 3, immerse coated plate in PQ Kasil # 2236 solution having a concentration of 1 .8% (0.006M 
K 2 0/0.02M Si0 2 ) at 20°C for 4 minutes and allow to dry before the final rinse. 

This step results in a reduction in the overall thickness of the coating and a smooth surfaced coating. 

45 [0071] There was a 5 minute rinse in water between all the above steps. 

[0072] The final coated metal alloy had a two layered coating comprising an outer, relatively smooth homogeneous 
layer and an inner, columnar structure layer. 

[0073] Table I shows the deoxidising solution used in step 3 for Examples 1 to 4 and the resulting performance in 
neutral salt spray, expressed as "NSS" - which is the time to pitting of the coated alloy in neutral salt spray. It should 
so be noted that step 5 of Examples 3, 4 and 5 differs from the other Examples in that the water contains 0.01 wt% of the 
surfactant FC-1 35. 



55 



7 



EP 0 769 080 B1 



Ex. 



10 



15 



20 



25 



30 



35 



TABLE I: 



DEOXIDISING SOLUTIONS 



Deoxidising Solution Used in 
Step 3 



Amchem #4 (Chromate-based 

deoxidising solution) 

Turco WO#1 (phosphate based 

deoxidising solution) 

0.03M Ce(S0 4 ) 2 and 0.8 molar 

-H 2 S04^r^afed^rorrr^eriam-(iV)- 
hydroxide) 

0.02 molar Pr 2 (S0 4 ) 3 and 0.7 molar 
H 2 S0 4 . (prepared from 
praseodymium oxide) 
35 grams/litre (0.06 molar of 
ammonium cerium (IV) sulphate in 
5.5 wt% (0.5 molar) H 2 S0 4 solution 



T(°C) (and time) fStep 
3 



RT*(i0min) 
RT * (5 min) 



RT* (5 min) 



RT* (5 min) 



RT* (5 min) 



* RT =r room temperature (20-25°C) 



NSS 
(h urs) 



50 
25 
168 



70 



70 



TAFEL i corT (nA. cm-2) 



20h 0.09 140h 0.05 



1h 0.06 50h 0.02 



20h 0.01 90h 0.03 



[0074] Thus the corrosion resistance of Example 3 far exceeded those of the other Examples. Accordingly it appears 

F , i9 , UreS ^ 2 ' llustrate *° impregnated oxide coating of Example 3 prior to treatment with the silicate 
sealing solution. Figures 3 to 5 relate to Example 3 after the silicate seal step ' 
[0076] Moreover, the coated alloy of Example 3 passed adhesion tests described in ASTM D-3330 and Boeina Soec 

EXAMPLES 6 and 7 

EI? «L V f f ° f th , S i emperature of treatment with the deoxidising solution are shown in Table ll All steps are 
varied " ' ^ *" ^ tr6atment tem P era,ure «* the «™ -"th deoxidising solution "f s^ 3 is 



40 



45 



50 



TABLE II: 



TEMPERATURE OF DEOXIDISING SOLUTION 


Example 


T(°C) 


NSS (hours) 


TAFEL lcorr(^A.cm-2) 


6 


20 


168 


20h 0.005 








100h 0.05 


7 


50 


60 


Oh 0.02 








50h 0.007 



ESi.- " iS e ^ ent that ' for the Particular conditions of Examples 6 and 7. an increase in temperature of the CefSO.), 
deox.d.s.ng solution in step 3 results in a decrease in corrosion resistance oe<>u 4 ) 2 

S 7 ?S a a nH e 6 P ? SSd f dheSi ° n ,6StS described in AS ™ D-3330 and Boeing Specification Support Standard 
(BSS)_7225_and_impact resistance tests.described-in-Boeing-Material Specification-(BMS) -10-11R^-- - 

EXAMPLES 8 and 9 



55 SSSll. ^ temperatUre ° f ,reatment wfth the ^oxidising solution in step 3 of Example 5 was varied according to 
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TABLE II 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



TEMPERATURE OF DEOXIDISING SOLUTION 


Example 




NSS (hours) 


TAFEL i corr teA.crrf2) 


8 


20 


70 


20h 0.01 
90h 0.03 


9 


40 


100 





r0081] Conversely to the trend observed in Examples 6 and 7. Examples 8 and 9 indicate that, for the conditions 
specified, an increase in temperature of the ammonium cerium (IV) sulphate deoxidising solution results in an increase 
in corrosion resistance. 

EXAMPLES 10 and 11 

"[0082] The temperature of the rare earth deoxidising solution was varied. 
Step 1 • alkaline clean the 2024 alloy plate in Brulin at 60 to 70°C for 1 0 minutes. 

Step 2* deoxidise in a rare earth pretreatment solution containing 0.1 M Ce(S0 4 ) 2 and 2M H 2 S0 4 . The 2024 is 

immersed in the rare earth pretreatment solution for five minutes at the temperatures shown in Table IV. 
Step 3- immersion in NaBr0 3 solution for 7 minutes at 20°C. 

Step 4- immersion in H 2 0 containing 0.01% surfactant FC-1 35 at 85-90° C for 5 minutes. 

Step 5 : immersion in a Ce(N0 3 ) 3 .6H 2 0 solution at a concentration of 1 0g/L (0.023 molar) at 85-90°C for 30 minutes. 
Step 6: seal in a 1 .8% potassium silicate PQ Kasil #2236 solution at room temperature for 4 minutes. 



[0083] AN steps involve a 5 minute rinse between them. 



TABLE IV - 


TEMPERATURE OF DEOXIDISING SOLUTION 


Example 


Temp (°C) 


NSS (hrs) 


10 


20 


100 


11 


40 


100 



55 



[0084] Examples 1 0 and 1 1 show that, for the conditions specified in these two Examples, variation of the temperature 
of the deoxidising solution does not affect the corrosion resistance. 

EXAMPLES 12 TO 15 

[0085] A 2024 aluminum alloy plate was cleaned, then conversion-coated according to the following process: 
Step 1 * vapour degrease the 2024 alloy plate in trichloroethane vapour for 1 5 minutes. 

Step 2: dip in a 35 wt% (5.5 molar) HNCV0.96 wt% (0.48 molar) HF acid solution at room temperature for 1 minute. 
Step 3' alkaline clean in 2.5 wt% (0.6 molar) NaOH solution at 35 to 40°C. 

Step 4- dip in a 35 wt% (5.5 molar) HNCV0.96 wt% (0.48 molar) HF acid solution at room temperature for 1 minute. 
Step 5: treat with NaBr0 3 solution, with additional HN0 3 , under the conditions given in Table V for 7 minutes. 
Step 6- immerse in water at a temperature of 85 to 90°C for 5 minutes. 

Step 7 : immerse in an aqueous solution of Ce(N0 3 ) 3 .6H 2 0 at 10 grams/litre (0.023 molar) at a temperature of 85 
to 90°C for 30 minutes. 

Step 8 : sea! in a potassium silicate solution, PQKasil#1 at a concentration of 2.91% (0.19 M), at room temperature 
for 2 minutes. 

[0086] All the above steps have a 5 minute rinse in water after them. 
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TABLE V : 



CONDITIONS OF TREATMENT WITH NaBr0 3 SOLUTION IN STEP 5 



Ex 



12 



13 



14 



-ts- 



T(°C) 



20 



50 



20 
20 



HNOg Concentrati n 



7%(1.1M) 
7%(1.1M) 
21% (3.3 M) 
-42%-(6r7-M)- 



NSS (hours) 



40 
20 
100 

-20— 



TAFEL i corr (nA.cm-2) 



70h 0.02 
140h 0.03 
Oh 0.20 
50h 0.05 
Oh 0.02 
50h 0.06 
■eh-lT75— 



50h 0.50 



[0087] Examples 12 to 15 illustrate that there is some improvement in corrosion resistance by increasino the HNIO 
concentrat,on to 21 % ,n the oxide growth initiation step. However, at concentrations of Hf^2t^ % Lnd W 

resistance - Mo —er, Examples 12and 1 3 indicate that in the 
concentrates, an increase ,n temperature of the NaBr0 3 containing so,ution results in a decrease in corrcllon resS 

EXAMPLES 16. 17 ~ 



tKL T ,nn ?m PS ° f EXamP ' eS 1 2 1 ° 15 VariSd by ° mittin9 Step 4 and re P ,aci "9 s,e P 5 the step of immersing 
the 6 CSSSihlST CenC n,tra,e ((NH ^ Ce < N °3)e) —ion w*h an addition o, (0 ,7 mo^ar) HN^2 



TABLE VI 



TREATMENT TIME WITH (NH 4 ) 2 Ce(N0 3 ) fi AND HNO, SOLUTION 


Example 


Time(mins.) 


NSS (hours) 


TAFEL i corr &iA.cm-2) 


16 


1 


30 


Oh 0.20 








100h 0.20 








120h0.04 


17 


7 


40 


90h 0.04 








120h 0.05 



^eJ^Tos^^T ^ ^ inCreaS9 in Uea,ment time With thS < N H 4 > 2 Ce(N0 3)6 soiution results in an 
EXAMPLES IB and 19 

wl 01 .- St6P . 6 .°! Exa . m P les 12 " 15 w 35 varied ^ Examples 18 and 19 by immersing the plate in WO at 85 to 90«C 



TABLE VII : 


TIME OF TREATMENT WITH H 2 0 


Example 


Time (mins.) 


NSS (hours) 


TAFEL i corr (nA.cm-2) 










18 


2.5 


40 


Oh 0.08 








20h 0.02 








50h 0.02 


19 


5 


40 





[0031] A comparison of Examples 16 and 19 shows that, for these particular conditions, 



an increase in treatment 
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time with the water and surfactant solution of step 5 results in tittle effect on corrosion resistance. 

FXAMPLES20 to 22 _ 

r0092] Step 6 of Example 13 was varied by immersing the alloy in H 2 0 with potassium nitrate added at the concen- 
trations given in Table VIII at 85 to 90°C for 5 minutes. All other steps are the same as for Example 13. 



TABLE VIII : 



20 



25 



30 



35 



40 



45 



50 



55 



10 


CONCENTRATION OF KN0 3 


Example 


KNO a Concentration (molar) 


NSS (hours) 


TAFbL i corr (u.A.cnr 2 ) 




20 


0.05 


20 


20h 0.01 








230h 1.80 




21 


0.5 


20 


20h 0.50 


15 






230h 0.30 




22 




_10_ _ _ 


_0nC_40 










40h 0.07 



r00931 Examples 20 to 22 demonstrate that, for the particular conditions of these Examples, KN0 3 may be added 
to the water treatment of step 6 without adversely affecting corrosion performance. However Example 22 md.cates 
that at a concentration of KNO a above 0.5 molar, corrosion resistance declines. This value is different however where 
other parameters of the process have been varied, for instance, when Ce(N0 3 ) 3 .6H 2 0 concentration .n step 7 .s vaned 
- see Examples 42 to 44. 

EXAMPLES 23 AND 24 

[00941 Examples 23 and 24 contain the same steps as for Examples 20 to 22, with the exception that, instead of 
KNO, surfactant is added to the water in step 6. The surfactant is a fluorochemical surfactant commercially ava.lable 
under'the trade name FLUORAD FC135. The concentration of FC135 and corrosion performance data are provided 
in Table IX. 

TABLE IX : 



CONCENTRATION OF FC-135 


Example 


FC-1 35 Concentration 


NSS (hours) 


TAFEL i corr (u7V.cm-2) 


23 


0.001% 


25 


1h0.10 








20h 0.08 


24 


0.02% 


30 


20h 0.09 








70h 0.10 








160h 0.20 



[0095] Examples 23 and 24 show that under the specific set of conditions for each Example, increasing the concen- 
tration of surfactant in the water of step 6. makes no significant improvement to corrosion performance. 

EXAMPLE 25 

[0096] In Example 25. instead of KN0 3 . cerium (III) sulphate octahydrate (Ce 2 (S0 4 ) 3 .8H 2 0) is added to the water 
of step 6 in a concentration of 20 grams/litre (0.028 molar) with all other steps the same as for Examples 20 to 22. 

TABLE X : 



ADDITION OF Ce 2 (S0 4 ) 3 .8H 2 0 




Example 


C 2 (S0 4 ) 3 .8- H 2 0 Cone ntratlon 


NSS (hours) 


TAFEL i corr (u.A.cm-2) 


25 


20 grams/litre 


20 


Oh 0.30 




(0.028 molar) 




20h 0.05 






70h 0.60 
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[0097] Under the particular conditions of this Example when compared with Examples 20 and 31 t h* ro ™, 
apparent change in corrosion performance when KN0 3 was substituted with Ce j££ 8H 2 0 in s'ep 6 "° 

EXAMPLES 26 TO 31 



TABLE XI 



SOLUTION COMPOSITION IN STEP 4 



Example 


Solution 


NSS (hours) 


TAFEL l cerr (nA.cm-2) 


26 


0.1% 


10 


Oh 0.30 




(0.01 M) 




80h 0.03 




NH 4 OAc 






27 


0.1% 


20 


Oh 0.40 




(0.01 M) 




70h 0.02 




NH 4 OAc 






+ 0.01%FC-135 






28 


0.001 M NH 4 OH 


168 


Oh 0.05 


29 






30h 0.05 


0.001 M NH 4 NO a 


45 


20h 0 02 


30 






140h 0.04 


0.001 M (NH 4 ) 2 C0 3 


85 


20h 0.10 


31 






140h 0.02 


0.001 M Na 2 C0 3 


40 


20h 0.04 








100h 0.04 



dTn^xan^^^^^ 
EXAMPLES 32 to 38 

TABLE XII 





C *(N0 3 ) 3 6H 2 0 CONCENTRATION 


Ex. 


Ce(N0 3 ) 3 .6- H 2 0 (g/l) (g/l) (molar) 


PH 


NSS (hrs) 


TAFEL i corr ((iA.cm- 2 ) 


32 


0.1 2.3 x 10-4 


5.05 


40 


20h 0.008 


33 


0.5 1.15 x 10- 3 


4.90 


60 


90h 0.10 
Oh 0.03 










_90h_0.08 . _ 

Oh 0.03 


~34~ 


1.0 2.3 x 10- 3 


4 75 


20 


35 


5.0 0.012 


4.55 


50 


90h 0.20 
Oh 0.07 
20h 0.03 
120h 0.10 
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TABLE XII : (continued) 



10 



15 



20 



Ce{N0 3 ) 3 .6H 2 0 CONCENTRATION 


Ex. 


Ce(N0 3 ),.6- H 2 0 (g/l) (g/l) (molar) 


pH 


NSS (nrs) 


TAFEL l corr UlA.cm 


36 


10 0 0.023 


4.45 


80 


Oh 0.06 








20h 0.04 










100h 0.04 


37 


20.0 0.046 


4.00 


50 


Oh 0.50 








20h 0.10 










120h 0.40 


38 


40.0 0.092 


3.75 


50 


Oh 0.40 










120h0.03 



25 



35 



40 



45 



50 



[0101] Examples 32 to 38 show that with increasing Ce(N0 3 ) 3 .6H 2 0 concentration, there is a general increase in 
corrosion resistance for the particular conditions of these Examples. It should be noted that the pH varies from 5.05 
'to 3'75."HowWer7rt"a^ears"that the maximum cost benefit is achieved when the concentration of 66(^03)3:6^0 is 
between 10 g/l and 20 g/l. However, there could be cost benefit in higher concentration when other parameters of the 
process are varied. 

EXAMPLES 39 TO 41 

[0102] Excess nitrate was added to the Ce(N0 3 ) 3 .6H 2 0 solution according to the following process. 



Step 1 
Step 2 
Step 3 
Step 4 



30 Step 5 : 



[0103] 



vapour degrease the 2024 aluminium alloy plate in trichloroethane vapour for 15 minutes. 

treat in NaBr0 3 solution for 7 minutes at 50°C. 

immerse in H 2 C ai a temperature of 85 to 90° C for 5 minutes, 

immerse in Ce(N0 3 ) 3 .6H 2 0 solution at a concentration of 10 grams/litre (0.023 molar) having 1 .0 M excess 
nitrate as detailed in Table XIII, at a temperature of 85 to 90°C for 30 minutes. 

seal in a potassium silicate solution, PQ Kasil #1 at a concentration of 2.91% (0.1 9M) having 0.001% 
anionic fluorochemical surfactant FC-99 added, at room temperature for 2 minutes. 

The plate is rinsed in water for 5 minutes after each step. 

TABLE XIII: 



ADDITION OF EXCESS NITRATE 


Ex. 


Nitrate Species (1.0M) 


pH 


NSS (hours) 


TAFEL i corr (nA.crrr 2 ) 


39 


KNO3 


4.5-5.0 


50 


Oh 0.04 










50h 0.01 










70h 0.01 


40 


LiN0 3 


4.40 


40 


20h 0.05 










50h 0.03 










70h 0.02 










90h 0.03 


41 


NH 4 NO a 


3.75 


30 


20h 0.02 










40h 0.02 










70h 0.01 










140h 0.02 



[0104] Examples 39 to 41 illustrate, for the particular conditions of those Examples, an overall increase in corrosion 
resistance in going from NH 4 N0 3 to LiN0 3 to KN0 3 addition to the rare earth sealing solution. It should be noted that 
there is a corresponding increase in pH of the rare earth s aling solution. 

55 EXAMPLES 42 to 44 

[0105] Excess nitrate can be added to the Ce(N0 3 ) 3 . 6H 2 0 bath at a concentration of cerium lower than that in 
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Examples 20 to 22. All steps in Examples 42 to 44 are the same as for Examples 20 to 22 except that in steo fi ,h* 

™. s not contain KN ° 3 and in step 7 - ,he so,u,ion conteins 1 M KN °3 and ^ ^^^^^ 



concentrations provided 



TABLE XIV : 







Ce(N0 3 ) 3 .6H 2 0 CONCENTRATION 






Ex. 


Ce(N0 3 ) 3 .6H 2 


O 


PH 


NSS (hours) 


TAFEL i corr (uA.cm-2) 




10 




(grams/litre) 


(molar) 








42 


0.1 


2.3 x 10" 4 


5.30 


60 


Oh 0.02 
70h 0 04 




IS 


43 


0.5 


1.15x 10- 3 


5.15 


60 


120h 6.02 
20h 0.03 




44 


1.0 


2.3 x 10" 3 


5.05 


40 


90h 0.02 
20h 0.20 
90h 0.05 





25 



30 



35 



40 



45 



SO 



EXAMPLE 45 

•tap ,5 ih. .teat, «M„ „a s haalad lo 50-c with immersion lor 2 minutes. The approximate pH of th^SrSV 



Example 


NSS (hours) 


TAFEL i corr (HA.cm-2) 








45 


50 


Oh 0.70 
20h 0.04 
50h 0.03 
70h 0.04 



EXAMPLE 46 



[0108] Step 7 of Example 1 3 was modified by replacinq CefNO^U 6H O with r 0 «m ^ ou ^ ♦ 



Example 


NSS (hours) 


TAFEL i corr (^iA.cm-2) 


46 


20 


20h 0.07 
70h 0.04 
170h 0.07 



EXAMPLES 47 AND 48" 
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TABLE XV: 



10 



15 



20 



25 



30 



35 



40 



FLUORIDE ADDITION TO Ce(N0 3 ) 3 .6H 2 0 SOLUTION 


Ex. 


Fluoride Species 


pH 


Concentration (Molar) 


NSS (hrs) 


TAFEL l corr (uA.cm* 2 ) 


47 


MgF 2 


4.10 


0.001 


5 


Oh 0.10 
100h 0.02 
120h 0.06 


48 


NaF 


4.25 


0.002 


15 





[0110] For these specific conditions, addition of the fluoride species to the rare earth sealing solution appears to 
adversely affect corrosion resistance. 

EXAMPLES 49 and 50 

101111 -in-step-6-crf-Exa^ 

litre (0.02 molar). All other steps were the same as for Example 3, except that in Example 50, step 3 compns d pre- 
treatment with a praseodymium containing solution, as for step 3 of Example 4. 

TABLE XVI 



45 



50 



55. 



Pr(N0 3 ) 3 .6H 2 0 SUBSTITUTED FOR Ce(N0 3 ) 3 .6H 2 0 IN STEP 


6 


Ex. 


Pretreatment Solution 


Pr(N0 3 ) 3 .6- H 2 0 Concencentration 


NSS (hrs) 


TAFEL i corr ftiA.cm- 2 ) 


(grams/litre) 


(molar) 


49 
50 


Cerium 

Praseodymium 


10 
10 


0.02 
0.02 


60 
30 


Oh 0.05 
1 20h 0.06 
2h 0.07 
90h 0.04 



r0112] These Examples show that, for the specified conditions, pretreatment with a cerium containing deoxidising 
solution resulted in better corrosion performance than pretreatment with a praseodymium containing deoxidising so- 
lution Moreover, comparison of Example 49 with Example 3 indicates that better corrosion performance results when 
the cerium containing solution is used in step 6 than when a praseodymium containing solution is used. However, 
different results may be achieved when other parameters of the process are varied. 

EXAMPLES 51 to 53 

r0113] Examples 51 to 53 illustrate varying concentration of silicate in the potassium silicate sealing solution. 
r0114] Steps 1 to 6 are the same as for the corresponding steps of Example 1 , with the exception that in step 3. the 
deoxidising solution is a rare earth pretreatment solution as described in step 3 of Example 3 and in step 5, the water 
bath includes 0.01% of the surfactant FC-1 35. .... 
[0115] Step 7 comprises sealing with a potassium silicate solution, PQ Kasil #2236 at room temperature for 4 minutes 
and at the concentrations given in Table XVII. 

TABLE XVII 



SILICATE CONCENTRATIONS 


Ex. 


Silicate Concentration wt% 


PH 


NSS (hrs.) 


TAFEL i corr (uJV.cm- 2 ) 


51 


1.8 


10.9 


220 


Oh 0.04 








110h0.08 


52 


3.6 


11 


200 


20h 0.02 








110h 0.01 


53 


5.4 


11 


60 


20h 0.006 








11 Oh 0.01 



[0116] Examples 51 to 53 clearly illustrate improved corrosion resistance at silicate concentrations below around 3.6 
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10 



beneficial silicate concentration t&Zw^J^JS? c°ncentrat,on may therefore be the maximum cost 
rameters of the process are varied Sl ben8f,t h ' Qher si,icate concentration when other pa- 

EXAMPLES 54 to 56 

[0117] Examples 54 to 56 illustrate varying the temperature of the silicate sealing solution. 
Step i : vapour degraase 2024 alloy in trichloroethane for 15 minutes. 



75 



20 



25 



TABLE XVIII ; 



TEMPERATURE OF SILICATE SOLUTION 



Example 



54 



55 



56 



T(°C) | NSS (hours) 



30 



50 



75 



50 



50 



50 



TAFEL i corr (HA.cm-2) 



Oh 0.40 
20h 0 .10 
100h 0.06 
Oh 0.30 
20h 0.09 
100h 0.03 
Oh 0.40 
20h 0.08 
100h 0.04 



30 



35 



40 



EXAMPLE 57 

S£3 steo S a i ?o KTiT si,icate - r e sealing sp,ution may inciude sodium 

lui^uj bteps 1 to 4 are the same as for Example 39 

ano. Ho»ev,, to. resu „ may „. amerenl " " * 0 ~ M h °°"° 8ton '<"*<• 



45 



50 



TABLE XIX : 


SODI 


UM SILICATE SEALING SOLUTION 


Example 


NSS (hours) 


TAFEL i corr (nA.cm-2) 


57 


40 


20h 0.04 
40h 0.02 
70h 0.01 
140h 0.02 
~1 60 h 0.008 ~ 



55 



EXAMPLES 58 to 61 

[0123] Other types of sealing solutions are exemplified by Examples 58 to 61 . 



Step 1 : 
Step 2: 



aqueous degrease 2024 alloy in Brulin at 60 to 70*C for 10 minutes 

immerse in 35 wt% (7.9 molar) HNO 3 ,0.96wt% (0.48 molar) HF acid solution for one minute at ambient 
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40 



45 



SO 



55 



Step 3: 
Step 4 
"Step'S: 
Step 6 



temperature. 

alkaline clean in 2.5% (0.6 molar) NaOH solution at room temperature. 

treat in NaBr0 3 solution for 7 minutes at room temperature. 

~im7rTerse"in"H20 at"85 to"90°Cfor 5minutes7 " J 
immerse in Ce(N0 3 ) 3 .6H 2 0 solution having a concentration of 1 0 grams/litre (0.023 molar) at a temperature 
of 85 to 90°C for 30 minutes. 



Step 7: 


treat with the sealing solutions described in Table XX, 








[0124] 


There is a 5 minute rinse after each step. 








10 




TABLE XX: 










SEALING SOLUTIONS 




15 


Ex. 


Sealing Solution 


pH 


NSS 
(hrs) 


TAFEL i corr (u.A.cnv 2 ) 


58 


(CH 3 COOVNi.4H 9 0 (24 g/l; 0.10 molar), MnS0 4 (12 g/ 


5.55 


30 


Oh 0.01 


20 


59 
60 


I; 0.08-molar), 

NH4NO3 (30 g/l;-) 0.38 molar) 
H 3 B0 3 (13.2 g/L;-0.21 molar), 
COS0 4 .7H 2 0 (6.6 g/l;~0.02 molar), 
CH3COONH4 (6.6 g/l;-0.09 molar) 
CoSO 4 .7H 2 0 (6.6 g/l;-0.02 molar), 
NH 4 V0 3 (1.3 g/l;-0.01 molar), 
H 3 BO a (13.2 g/l;-0.21 molar) 


6.15 
5.55 


30 
80 


'30h 0.07 

Oh 0.02 
30h 0.40 

Oh 0.01 
30h 0.01 


25 


61 


H 3 B0 3 (7.9 g/l; -0.1 3 molar), 
Na 2 B 4 07 (7.9 g/i;-0.02 molar), 








30 




NaN0 2 (7.9 g/l; 0.11- 

molar), NH 4 V0 3 (1.3 g/l;- 0.01 molar) 


approx 8 


30 


Oh 0.02 
20h 0.03 



[0125] All sealing solutions gave acceptable corrosion resistance. However, under the specific conditions of Exam- 
ples 58 to 61 , the sealing solution defined in Example 60 gave the best corrosion resistance. 

35 EXAMPLES 62 to 64 

[01 26] Variation in the type of oxidant used to initiate aluminium oxide growth is illustrated by the following Examples. 



Step 1 
Step 2 



Step 3 : 

Step 4 : 
Step 5 : 
Step 6 : 



■ alkaline clean the 2024 alloy in Brulin at 60 to 70°C for 10 minutes. 

deoxidise in a rare earth pretreatment solution prepared from cerium (IV) hydroxide and contains 0.03 
molar Ce(S0 4 ) 2 and 0.8 molar H 2 S0 4 . The 2024 is immersed in the rare earth pretreatment solution for 

5 minutes at 20°C. _ ^ ^ , _ 

immersion in solution containing oxidant in the presence of 7% (1.1 M) HNO, listed in Table XXI belowfor 

7 mins at 20°C. 

immersion in H 2 0 containing 0.01% surfactant FC-135 at 85-90°C for 5 minutes. 

immersion in Ce(N0 3 ) 3 .6H 2 O at a concentration of 10g/L (0.023 molar) at 85-90° C for 30 minutes and 

sealed in a 1 .8% potassium silicate (PQ Kasil #2236) solution at room temperature for 4 minutes. 



[01271 All steps involve a 5 minute rinse between them. 



OXIDANT TYPES 




Exampl 


Oxidant Type 


Oxidant Concentration (molar) 


pH 


NSS (hrs) (Appr x) 


62 


NaBrO a 


0.2 


<1 


100 


. 63 


KBr0 3 


0.2 


' <1 


90 


64 


KCI0 3 


0.15 


<1 


90 
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S f 1 E * amples 62 to 64 ,ndlcate tha «. at least for the specific conditions of these Examples use of NaRrrv «„ 
initiate ox.de growth results in better corrosion resistance than use of either KBrO, or KCIO HoweL/ T«f* < 
result may be achieved when other variables are varied. ^ 3 However ' a dlfferent 

Claims 

1 . A process for forming a chromate and phosphate free conversion coating on the surface of a metal, including the 

(a) contacting the metal surface with a deoxidising solution in order to remove smut from the metal surface- 
W ■ contac t,nq the metal with ^ -acidic.soiuti^ 

Z£L a SIT per f nilrate - H2 ° 2 or (NH4) * Ce(N °3>* and havinQ a PH of Z35T22rtT 

inrt.ate growth of a metal ox.de cell structure on the metal surface, said acidi C ; oxidant^ontainina 27ut on 
having a composite different to said deoxidising solution *iaani<ontainmg solution 

2 -^. nt f / in9 the „ metal surface with h ^ing a temperature between 70»C and the boilino ooint for a 



2. The process of claim 1 , wherein said metal is aluminium or an aluminium containing alloy. 

3. The process of claim 1 or 2, wherein said metal halate is selected from NaBr0 3> KBrO a and KCIO a . 

4. The process of claim 3, wherein said metal halate is NaBrO, 

S " lXlTmo, a a7 ° f C ' aimS 1 l ° 4 " Wh6rein S3id SO,U,i ° n COntains HN °^ P'-'** at a concentration 

6 ' S^Sl^^asS 1 " ^ ,he COncentra,i ° n ° f said ° xidant said acidic - "P - 

7. The process of any one of claims 1 to 6. wherein the pH of said acidic solution in step (b) is less than 0.5. 
8 - aSempIr^ 

10. The process of claim 9, wherein said deoxidising solution comprises cerium (IV) hydroxide cerium fIV) sulohate 
or -mmonium cenum (IV) sulphate dissolved in a mineral acid solution, and p J.n*Vo^Z ceriTw 
sulphate dissolved in a sulphuric acid and nitric acid solution. comprises cerium (IV) 

2. The process of any one of claims 1 to n . wherein each step is followed by rinsing with water 

ST"™ °' amm0Ola ^ to « a " s - ^" - "H.OAC. NH4NO3. (NH 4)2 CO a ana NH4OH, SJfi^ca?- 
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15. The process of claim 14, wherein said one or more additives includes NH4OH. 

J6 The process of any one of claims 1 to 15, wherein said rare earth element is provided by an aqueous rar earth 
" ion containing solution comprising a rare earth salt selected from Ce(NO3)3T6H 2 0;Ce 2 (SO 4 )3.8H 2 O and Pr(N0 3 ) 3 . 
5 6H 2 0 dissolved in water, preferably having a concentration of the rare earth salt of up to 50 grams/litre (0. 1 2 molar), 

more preferably from 0.1 grams/litre to 40 grams/litre (2.3 x 10* 4 to 0.09 molar). 

17 The process of claim 16, wherein the oxide thickening step and the rare earth element impregnation step occur 
substantially simultaneously by treating the metal with an aqueous, rare earth ion containing solution in which the 
10 aqueous component provides the water required for thickening the metal oxide layer and the rare earth ions im- 

pregnate the metal oxide. 

18. The process of claim 16 or claim 17, wherein said rare earth salt comprises Ce(N0 3 ) 3 .6H 2 0. 

is 19. The process of any one of claims 16 to 18, wherein the pH of the aqueous, rare earth ion containing solution is 
acidic to neutral,, pref erablyJ_romj31o_5,5,_more preferably lrom4_to_5. 

20 The process of any one of claims 16 to 19, wherein the temperature of the aqueous, rare earth ion containing 
solution is between 70°C and 100°C, preferably between 85°C and 100°C, more preferably between 85°C and 
20 90° C. 

21 . The process of any one of claims 1 6 to 20, wherein the aqueous, rare earth ion containing solution further includes 
one or more components selected from nitrate ions, fluoride ions and surfactants. 

25 22. The process of any one of claims 16 to 20, wherein the aqueous, rare earth element containing solution includes 
additional nitrate ions added as KN0 3 , LiN0 3 or NH4NO3 or as a combination thereof. 

23. The process of claim 21 or claim 22, wherein the concentration of nitrate ions is 2.0 molar or lower. 

30 24. The process of any one of claims 1 to 23 further including the step of contacting the metal with a sealing solution 
to form a surface layer on the rare earth impregnated oxide layer, said sealing solution preferably comprising an 
inorganic sealing solution. 

25. The process of claim 24, wherein said sealing solution includes an oxidant. 
35 ' 

26. The process of claim 24 or 25, wherein said sealing solution is an alkali metal based solution, preferably a potassium 
silicate solution. 

40 Patentanspruche 

1 . Verfahren zur Bildung einer Chromat- und Phosphat-freten Passivierungsschicht auf der Oberflache eines Metalls, 
welches die Schritte einschlieBt: 

45 (a) Kontaktieren der Metalloberflache mit einer desoxidierenden Losung, urn Schmutz von der Metal loberfla- 

che zu entfernen; 

(b) Kontaktieren des Metalls mit einer sauren Losung, die ein Oxidationsmittel enthalt, das aus der Gruppe 
ausgewahlt ist, bestehendaus: Metal I ha log en at, Metallpersulfat, Nitrat, H 2 0 2 oder (NH 4 ) 2 Ce(N0 3 ) 6 , und emen 
pH von weniger als 1 aufweist, urn ein Wachstum einer Metalloxid-Zellstruktur auf der Metalloberflache em- 

so zuleiten, wobei die saure, ein Oxidationsmittel enthaltende Losung eine Zusammensetzung aufweist, die von 

der desoxidierenden Losung verschieden ist; 

(c) Kontaktieren der Metalloberflache mit Wasser mit einer Temperatur zwischen 70°C und dem Siedepunkt 
uber ein Zeitspanne, die ausreicht, urn die Oxidstruktur zu verdicken und eine M talloxid enthaltende Schicht 
einer gewunschten Dicke zu bilden; und 

ss (d) Kontaktieren der Metalloberflache mit einer wassrigen, ein S ttenerdelement enthaltenden Losung, urn 

die Metalloxid-haltige Schicht zu impragnieren und im Wesentlichen zu versiegeln. 

2. Verfahren nach Anspruch 1 , in dem cas Metall Aluminium Oder eine Aluminium-hattige Legierung ist. 
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3- Verfahren nach Anspruch 1 oder 2, in dem das Metallhalogenat aus NaBr0 3 , KBr0 2 und KCI0 3 ausgewahlt ist. 
4. Verfahren nach Anspruch 3, in dem das Metallhalogenat NaBr0 3 ist. 

5 - *Tz^^::z & Zo*r cue 1 bis 4 - in dem die saure ^ hno * - 
6 s a r ion des oxita,i — in der sauren 

? ' ZTcZ ™°* ir9end6inem C6f AnS P f ° Che 1 bis 6 - in *m der P H der sauren Losung in Schritt ft,) wenic er Bh 

8. Verfahren nach irgendeinem der Anspruche 1 bis 7, in dem die Temperatur der sauren Losunq 50»C Oder niedrinpr 
vorzugsweise Umgebungstemperatur wie von 10°C bis 30'C, ist. Oder niednger, 

9 ' mT2!rH naCh .; 9end ! ine , m der Anspruche 1 bis 8, das wetter den Schritt cer Behandlung der Metalloberflache 
mrt emer desoxidierenden Losung eirlsch.ieBt, welche vorzugsweise ein oder mehrere sJinJ!^!^ 
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10. Verfahren nach Anspruch 9, in dem die desoxidierende Losung Cer(IV)-hydroxid CerflVl s ,.if*t Am • 
cer(IV)-sulfat, ge.ost in einer Mineralsaure-Losung, umfasst und ^^i^^^^^° n, ! lm_ 
Schwefelsaure und Salpetersaure-Losung umfasst vorzugswe ISe Cer(IV)-sulfat, gelost in e.ner 

11 ' SchriM" n , ach t A " Spruch 9 10 - in d «m der Schritt der Behandlung mit einer desoxidierenden Losunq dem 
Schritt des Kontakt.erens des Metalles mit der sauren Losung vorangestellt ist. 

12. Verfahren nach irgendeinem der Anspruche 1 bis 11. in dem jedem Schritt ein SpOlen mit Wasser folgt. 

1 3 ' *ZTn!Z?T i ^ ndeinem der Anspruche 1 bis 1 2, in dem der Schritt des Kontaktierens des (fetalis mit Wasser 
90-C umfaist." de, ° n,S,ertem Und/0der Wasser, vorzugsweise mit einer Temperatur von 8^C b" 

14 ' llTT nac y ^ einem ^ Anspruche 1 bis 15. in dem das Wasser ein Tensid einschlieUt und vorzugsweise 
werte e men oder mehrere Zusatze einsch.ieGt, die aus Nitratverbindungen, wie Kaliumnitrat. *<S2ESE 

221^2^^ ^ S6inen SalZen - N ^ OAC - NH ^°3' < NH ^a -nd'NH^SSS- 

15. Verfahren nach Anspruch 14. in dem der eine oder die mehreren Zusatze Nr^OH einschlieBen. 

16 ' ^T r ^V r9 T d6,ne ^ Ans P r0che 1 bis 15 - worin das Seltenerdelement durch eine wassrige SeHene- 
remetalhch-haltige Losung bere.tgestellt wird. weiche ein Seltenerametallsalz umfasst das aus CerNO f 6H o 

^; 2 7 x'^^^ (0J2 mo,ar) ' bevorzu9ter von Gr *™ «* <° 

1? ' ^^ aCh ^ nSP T\l 16> in dSm d6r 0xid -Verdickungsschritt und der Impragnierungsschritt mit dem Seiten- 

« Z h" 9 k f rf 9 ? W6,Cher die W ^ SSn9e ^Ponsnte das Wasser bereitstellt das fur die CSuna 
_ _ _der.Meta.lox I dsch,cht erforderlteh ist-, und-die-Seltenerdmetallionen das MetaHoWimpraghiere^ - 

18. Verfahren nach Anspruch 16 oder Anspruch 1 7. in dem das Seltenerdmetallsalz Ce(IM0 3 ) 3 .6H 2 0 umfasst. 
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und 90°C, ist. 

21 Verfahren nach irgendeinem der Anspruche 16 bis 20, in dem die wassrige Seltenerdmetaliion-haltige Losung 
- *- weiteTeihe^eTmehrere Xompdnenfeh eirischlieBt; clie ausTSIitratibhen; Flubridibheh uhd Tehsiden ausgewahit 

sind. 

22 Verfahren nach irgendeinem der Anspruche 16 bis 20, in dem die wassrige Seltenerdelement-haltige Losung zu- 
" satzliche Nitrationen einschliefM, die als KNO a , LiN0 3 Oder NH 4 N0 3 Oder als eine Kombination derselben zugesetzt 

sind. 

23. Verfahren nach Anspruch 21 oder Anspruch 22, in dem die Konzentration an Nitrationen 2,0 molar odergeringer ist. 

24 Verfahren nach irgendeinem der Anspruche 1 bis 23, das weiter den Schritt des Kontaktierens des Metalls mit 
einer Versiegelungsldsung einschiieGt, urn eine Oberflachenschicht auf der mit Seltenerdmetall impragnierten 
Oxidschicht zu bilden, wobei die versiegelnde Losung vorzugsweise eine anorganische versiegelnde Losung um- 
fasst. _ _ — — - 

25. Verfahren nach Anspruch 24, in dem die versiegelnde Losung ein Oxidationsmittel einschlieBt. 

26. Verfahren nach Anspruch 24 oder 25, in dem die versiegelnde Losung eine Losung auf Alkalimetallbasis, vorzugs- 
weise eine Kallumsilicat-Losung, ist. 



Revendications 

1. Procede pour la formation d'une couche de conversion exempte de chromate et de phosphate a la surface d'un 
metal, comprenani les etapes suivantes : 

(a) mise en contact de la surface metallique avec une solution desoxydante, afin d'enlever le depot de la 
surface metallique ; 

(b) mise en contact du metal avec une solution acide contenant un oxydant choisi dans I'ensemble constitue 
par • un halogenate metallique, un persulfate metallique, un nitrate, H 2 0 2 et (NH 4 ) 2 Ce(N0 3 ) 6 et ayant un pH 
inferieur & 1. afin d'amorcer la croissance d'une structure cellulaire d'oxyde metallique &la surface du metal, 
ladite solution acide, contenant un oxydant, ayant une composition differente de ladite solution desoxydante ; 

(c) mise en contact de la surface metallique avec de I'eau ayant une temperature comprise entre 70°C et le 
point d'ebullition, pendant une duree suffisante pour epaissir la structure d'oxyde et former une couche con- 
tenant un oxyde metallique d'une epaisseur desiree ; et 

(d) mise en contact de la surface metallique avec une solution aqueuse contenant des elements de terres 
rares, afin d'impregner et de pratiquement colmater la couche contenant un oxyde metallique. 

2. Precede de la revendication 1 , dans lequel ledit metal est I'aluminium ou un alliage contenant de I'aluminium. 

3. Procede de la revendication 1 ou 2, dans lequel ledit halogenate metallique est choisi parmi NaBrOj, KBr0 3 et 
KCI0 3 . 

4. Procede de la revendication 3, dans lequel ledit halogenate metallique est NaBr0 3 . 

5. Procede de I'une quelconque des revendications 1 & 4, dans lequel ladite solution acide contient HNQ3, de pre- 
ference a une concentration allant jusqu'& 1 ,6 molaire. 

6. Procede de I'une quelconque des revendications 1 a 5. dans lequel la concentration dudit oxydant dans ladite 
solution acide va jusqu'Si 10 % en poids (0,67 M), de preference jusqu'a 0,2 M. 

7. Procede de I'une quelconque des revendications 1 & 6, dans lequel le pH de ladite solution acide dans I'etape (b) 
est inferieur k 0,5. 

8. Procede de I'une quelconque des revendications 1 & 7, dans lequel la temperature de ladite solution acide est de 
50°C ou moins, de preference la temperature ambiante, comme de 10°C & 30°C. 
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9 ' dS '' Une quelconque des indications 1 a 8. comprenant en outre I'etape de traitement de la surface 

meta.l.que par une solution desoxydante, de preference contenant un ou p.usieurs ions de terres rares 

10. Proceed de la revendication 9. dans lequel ladite solution desoxydante comprend de I'hydroxyde de cerium ,IV> 
etTo'rl'f 

etde preference comprend du sulfate de cerium-(.V) dissous dans une so.ution d'acide nitrique et clSde suit 

11 ' Z^TJ* ' a reVend ' Cation 9 ou 10 > dans 'equel I'etape de traitement par une solution desoxydante precede 
I etape de m.se en contact du metal avec ladite solution acide. aesoxyaante precede 



IS. Precede de la revendication 14. dans lequel un ou p.usieurs additif(s) comprend(comprennent) NH 4 OH. 

16 ' rimtfo d rf a dS ' ,Une qUe ' COnqU !, des indications 1*15, dans lequel ledit element de terre rare est foumi par une 

c-e 2 {so 4 )3.8H 2 0 et Pr(N0 3 ) 3 .6H 2 0 dissous dans de I'eau, de preference ayant une teneur en le sal dp ?i m ™ 
^tjusqu^O grammes/lit^ 

17 ' ^tnf I 6 ,' 3 r9Vendic f i on 16 ' dans le 9 uel ^pe d'epaississement d'oxyde et I'etape d'impregnation avec un 

f™t £ «1 P ratiquement s'™«anement par traitement du meta. par une so.ution aqueuse con" 

EEl^LT T rar8, laqUe " e 16 aqueux fournit I'eau requise pour 6pais S ?Ta Suche 

d oxyde meta.Hque et les .ons de terre rare impregnent I'oxyde metallique, 

18. Proc^ de .a revendication 16 ou de .a revendication 17, dans .eque. .edit se. de terre rare comprend CefNO^. 
!^.™?h q " eR = 0 " que, des "vendicatav, ,6 4 ,9. dans leq u .l la tamparatur. da la soMton aouaus. 



21. 



r 6 r^t«l de '"T qUe,COnque des r « v «"dications 16 a 20, dans lequel la solution aqueuse contenant des ions de 
tensioSr 6 C ° mPrend " ° U P ' USieUrS C ° mPOSantS Ch ° iSiS P armi des ions ^ «~ ions Cu^ et^ 



22 ' d'lTpti? 6 '" Une qUe,COnque des vesications 1 6 a 20. dans lequel la solution aqueuse contenant des elements 

23 ' P ^ZT^7 eM, ° n 21 ° U de ' a r6Vendica,ion 22 ' ^ concentration des ions nitrate est 2.0 

24 ' l^Z^mn^^T revocations 1 a 23, comprenant en outre I'etape de mise en contact du meta. 
£Zl . ? I COlmatage pour ,ormer une couche superficielle sur la couche d'oxyde impregnee de terre 
rare, ladrte solut.on de colmatage de preference comprenant une solution de colmatage minerTle 
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25. Procede de la revendication 24, dans lequel ladite solution de colmatage inclut un oxydant. 

26. Procede de la revendication 24 ou 25, dans lequel ladite solution de colmatage est une solution 5 base de met al 
alcalihT"de"preterence-une solution-de silicate de potassium: 

5 
10 
15 
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FIG 4 
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Sputtering Time (mins) 
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